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ABSTRACT 


not considered to be a mayor risk factor in this sub¬ 
thrust play. 


The Cretaceous and Cenozo.ic Ukrainian 
Carpathian foredeep basin is underlain by an 
extensive Late Jurassic, reef fringed carbonate 
platform. The latter forms part of the extensive 
system of carbonate platforms which developed 
during Late Jurassic times on the northern shelves 
of the Tethys Ocean. 

Late Jurassic reefal and back-reef carbonates 
form the principal reservoirs of 4 hydrocarbon 
accumulations containing ultimate recoverable 
reserves of some 37 It/ 3 bbls of oil and conden¬ 
sate and 1.3 BCT of gas. These fields are contained 
in two trap types, including erosinnal highs and 
roll-over structures related to a major Paleogene 
erosional phase and subsequent Neogene subsi- 
denee of the Carpathian foredeep. Jurassic carbon¬ 
ates and Cretaceous sandstones are the principal 
objectives in the sub-thrust play of the outer 
Carpathian nappes. Although the potential ot this 
play has not yet been exhausted, reservoir predic¬ 
tion and reflection-seismic definition of prospects 
entail considerable risks. Hydrocarbon supply is 


INTRODUCTION 


In the foreland of the Ukrainian Carpathians 
and beneath their external nappes two oil fields 
(Kokhunovka and Lopushnya), one gas/condensate 
field (Letnya) and one gas field (Rudky) were dis¬ 
covered in Late Jurassic carbonates. These fields 


include additional pay sections in Cretaceous and 
Miocene sandstones. These fields are under devel¬ 
opment and contain cumulative ultimate recover¬ 
able reserves of 37 - I (/■ bbls of oil and condensate 
and 1.3 BCF of gas fFig. I ). Two blocks containing 
Jurassic carbonate and Cretaceous sandstone 
prospects in a sub-thrust position are currently 
under exploration. 

In this paper we address the evolution of the 
West-Ukrainian Late Jurassic carbonate platform 
and the habitat of hydrocarbon accumulations asso- 


Izqtova. T S. & Popauytjk, I V , 1996. Oil and gas accumulations in Lhe Late Jurassic reefal complex of the West Ukrainian 
Carpathian foredeep hi Zieglee t P A. A Horvath. F. (edsk Pen-Tethys Memoir 2: Structure and Prospects of Alpine Basins and 
Forelands. \Um. Mas ruitn Hist mir. 170: 375-390. Pans ISBN 2-85653-507-0. 
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dated with it. Although the potential of this Late 
Jurassic carbonate play has not yet been exhausted, 
reservoir and seal prediction and reflection-seismic 
definition of prospects entails considerable risks, 
particularly in the Carpathian sub-thrust play. 

During the Late Jurassic the northern margin 
of Meso Tethys was occupied by large reef-bearing 
carbonate platforms; these extended from the Jura 
Mountains of France and Switzerland through 
southern Germany and Poland into the pre- 
Carpathian domain of the Ukraine and Romania 
and eastwards via the southern slopes of the Cau¬ 
casus into Central Asia. 

In the western Ukraine, Late Jurassic carbon¬ 
ates occur in the Carpathian loredeep basin and 
overstep eastwards the Volyn-Fodotiaii margin of 
the Precambrian East-European Platform (Pig, I). 
These carbonates rest on Palaeozoic sediments 
except in the northwest where they are underlain 
by a Middle Jurassic siiicidastic series in turn, the 
Lute Jurassic carbonates are overlain by Creta¬ 
ceous sediments which, in some areas, are deeply 
truncated by a Paleogene unconformity- This ero- 
s ion a I phase, which is related to the inversion of 
the Polish Trough and the uplift of I he Malopolska 
Massif of Poland (Ziegler, 1990), resulted in the 
complete removal of Cretaceous deposits in the 
northwestern part of the Carpathian foredeep 
where Jurassic strata are unconformably overlain 
by Miocene siiicidastic sediments. In the central 
parts of the Ukrainian foredeep, the so-called 
Kolomiva palaeo-valley, Mesozoic and Palaeozoic 
sediments were completely eroded. Elsewhere par¬ 
tially truncated Late Cretaceous sediments are pre¬ 
served beneath the Paleogene erosional surface 
(see Sovchik and Vul, this volume). 

Late Jurassic carbonates occupy an up to 
150 km wide belt in which they attain thicknesses 
of the order of 300 to 1000 m; a gradual increases 
in thickness towards the South is evident. In the 
southern parts of the loredeep. the Late Jurassic 
carbonates form part of the autochthonous 
sequence which extends a considerable distance 
beneath (he external nappes of the Ukrainian 
Carpathian (Fig. 2). Late Jurassic carbonates are 
located at a depth of about I km in the Volyn- 
Podolia area and at depths of 7-8 km beneath the 
Carpathian nappes. 


STRATIGRAPHY AND FACIES 
DEVELOPMENT 


The stratigraphic framework of the West- 
Ukrainian Late Jurassic strata was developed by 
A. Alth 11881), V.I. Slavin (1958), V.Ya. Dobryni¬ 
na (19611, Ya.M. Sandler (1962). and V,N. Utrobin 
(1962) The presence of Oxfordian. Kimmeridgian 
and Tithonian biozones was established by 
V.G. Dulub (1963, 1964) and later summarized in 
the stratigraphic scheme of the Jurassic (Dulub el 
al„ 1986). Fig. 3 provides a summary of the lateral 
facies and thickness changes of lithe- and ehronos- 
tratigraphic units along a selected profile through 
the West-Ukrainian Late Jurassic Basin. 

Oxfordian strata comprise the Rudky and 
Sokal formations which are lateral equivalents. 
The Rudky formation consists of oolithic, pelilo- 
morphic and sometimes biobermal limestones 
which attain thicknesses of up to 150 m; to the 
southwest these reefal carbonates give way to 
shaly fore-reef carbonates. The essentially lagoonal 
Sokal formation is developed in the north-eastern 
parts of the basin and consists of gray siltstones. 
shales bearing plant imprints and sandy limestones. 
Late Oxfordian deposits consist of 10 to 30 m thick 
multicoloured shaly limestone, containing towards 
the eastern basin margin intercalations of conglom¬ 
erates, sandstones and anhydrites. 

During Kimmeridgian and Tithonian times, 
progressive subsidence of this shelf was accompa¬ 
nied by the development of a coherent barrier reef, 
corresponding to the Oparia formation, which con¬ 
sists of gray to light coloured and mottled lime¬ 
stones attaining thicknesses of up to 1000 m. Reet 
building organisms include corals, sponges, algae, 
stromatoporidcs and bryozoans. However, limited 
core material does not permit detailed fades recon¬ 
structions within this reel complex which is basin- 
ward offset by thin, deeper water shales and 
limestones. Kimmeridgian hack-reef strata corre¬ 
spond to the Rava-Russka formation which con¬ 
sists of a sequence of lagoonal dolomites, 
dolomitic limestones and anhydrites, ranging in 
thickness between 20 and 250 m. Tithonian back- 
reef strata are represented by the Nizhnev forma- 
lion which is composed of light gray and cream 
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FIG. L Regional setting of Late Jurassic basin ol Western Ukraine and represen¬ 
tative log columns. 1-boundary of basin* 2-afca lacking Late Jurassic sediments. ?- 
area of eroded Lale Jurassic sediments (GOR: Gorodok valley, KOL Kolomiya 
valley), 4-main normal faults \ Kl_: KalushGorodoL KK KrakoveLs Precarpathc 
an), 5 front of Sambor nappe. 6-front of Boryslav-Pokuiian nappe, 7-main wells. 8- 
trace of cross-sections, 9-oil fields (I; Kokhanovka, 2: Lopusbnva), 10-Rudkv gas 
field, ll-Letnya gas/condensate field. ! 2-houndstone. 13-karstilIed bottmJsione. 14- 
imerbedded pciilomorphic limestones , biodasbc. waekestone and puckstone, 15- 
hioclasLie limestone, friable vvackestone and grain stone. 16-porous intervals. 
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coloured detrital and algal limestones attaining a 
thickness of 200-250 in. 

The Jurassic carbonates are conformably over- 
lain by Early Cretaceous shales and limestones. 
Sedimentation continued through Late Cretaceous 
times, hut was interrupted during the Paleocene 
and resumed only during the Neogene During the 
Palaeogene erosional phase, and in conjunction 
with the Neogene subsidence of the Carpathian 
foredeep basin, the geometry of the Late Jurassic 
carbonate platform was modified to such a degree 
that resolution of its internal configuration by 
reflection-seismic data meets with considerable 
difficulties. 


METHODS OF INVESTIGATION 


For the sub-surface reconstruction of the Late 
Jurassic carbonate platform the technique of sedi- 
mentological analysis of wire-line log data was 
applied (SALD). This technique relies on the fact 
that the log response of a rock unit reflects its min- 
eralogieal-petrographical composition and texture. 
As such, also the structural relationship between 
the different associated rock units could he deter¬ 
mined. Based on a quantitative analysis of a suite 
of petrophysical logs, calibrated by limited core 
data, a sequence of lithofacies types was identified 
and their lateral and vertical relationship estab¬ 
lished. The following types of wire-line logs, 
which are generally available for exploration wells, 
were used: micro-lateral, induction, gamma-ray. 
neutron-gamma-ray. acoustic and caliper (Izotova 
and Push. 1986; Izotova et al., 1993). Applying the 
SALD technique, each well was analyzed in an 
effort to define the different lithofacies types and to 
establish their stratal succession and their bound¬ 
aries. Subsequently log correlations between wells 
were used to develop facies models. The biostrati- 
graphie framework for these sedimentological 
models.was erected on the basis of palaeontologi¬ 
cal data obtained from cores. 

The SALD technique permits to extrapolate 
facies interpretations from limited core-controlled 
data points across the entire basin and thus allows 


to obtain a better impression of lateral facies and 
potential reservoir developments. In this respect, 
the quantitative analysis of wire-line logs in terms 
of day content of carbonates, as well as their tex¬ 
ture and porosity, are of particular importance. In 
in order to be able to readily compare the log 
response of the different lithofacies types, readings 
were plotted in so-called 8-ray diagrams (Fig. 4). 
These diagrams give a quantitative range of the 
response in the usual FSU logging units: gamma- 
ray (G) in gamma-rav units, laterolog (LATt and 
micro-laterolog (ML) in oh mm, sonic (AL) in 
msec/m. Neutron-gamma-ray (NG) is calibrated in 
relative units which show the ratio of neutron- 
gramma activity of the respective strata. Caliper 
units (CAL) are shown as the ratio between the 
borehole diameter and the diameter of the drillbit. 
Porosity (Kp| is presented in % and characterizes 
the texture of carbonates. The ration of sequence 
anisotropy (Tk) quantitatively expresses the maxi¬ 
mum and minimum deviations of resistivity 
responses from an average value; conventionally 
four groups are recognized, ranging from isotropic 
(Tk =1.0) to anisotropic (Tk <0.25). All wireline 
log parameters utilized for the Tk determination 
were average-weighted to the sequence thickness. 
In Fig. 4 the range of these responses are shown in 
8-ray diagrams. 

Based on an integration of macro- and micro¬ 
scopic core analyses and wire-line data, and fol¬ 
lowing the fundamental work of J.L. Wilson 
11980). the Late Jurassic West-lJkraine carbonate 
shelf was subdivided into nine genetically related 
lithofacies belts, as summarized in Fig. 4. For each 
of these facies belts an example of the standard log 
expression and an 8-ray diagram are given in 
Figs. 1 and 4. Comparing these 8-ray diagrams, it 
is obvious that each lithofacies is characterized hv 
its own log response and by the degree of differen¬ 
tiation of the respective logs. 

For instance, carbonates which were deposited 
below the storm wave-base in the fore-reef domain 
(bells I to 3 ) are characterized by high average 
gamma-ray readings, high velocities, comparative¬ 
ly low resistivity and an average differentiation of 
the laterolog and neutron-gamma-ray curves. This 
is a function of interbedding of carbonates, marls 
and shales, As reservoir rocks are absent in these 
facies bells, they are of litLle interest for oil and gas 
exploration. 


waiev-depth, UFerosion during Paleogene (KOI : KoJorniya valley l 11-wells (GL Gluvin-I, RS Rosivska-l. LN 
Lan.ivska-1: LT: U‘inys-L DD: Dcclushyehyn-l, PR: Pi v ni ehn i - Bogorodchany-1. IF. Ivano-Frankivsk-! , IS-Upas-1. 
ZM: Zi.imosc-2). 


380 


T S IZOTOVA & i V POPADYUK: JURASSIC CARBONATES. WEST UKRAINE 



l? I 

7 “ ■ 

2 u> 

F = 

' lj? 
?Is 

; g £ 

Ell 

!?§ 

- " r. 


r 1 p b 

E & n 
= 4- c 
- r; 
= 2 6 : 
: s- 3 i , 
=r ^ r. 
rt, O 

r: 

'■ C_ “ 

Zr ST 

I 

s 

-c 

-.OB 
5 E, “ 
a q 

- n ^ 

J C 1 

d i 

£. 3 O 
r:'ii 
3 •* 5 
3 Er. 
g- S, = 
5 'j- ? 

s 5 £ 

- = ■< 

1 3 3 

r- • Tj r~, 

n —. r* 

ro 


ft" rS" 
& to 


S’ C 

“ z 


f 

c_ 

— 

r: 

•p 

— 

ft 


£■* 

TK 


E3 

0 

C/i 

- 

C 

C 

rg 

3 

?T 


Source MNHN, Paris 













































Source MNHN, Pans 


FnciaC % 3.J-Wi£$on 


FORE REEF LONE 

REEF ZONE 

BACK REEF ZONE 

*, Boirfl \3t Lower &£opt |i Mtdd£ oEopt \t- Upper tfape 

5. Retf care f$ot+afnf 

7. Back-reef . . . L p.Unneroh c£f 
depr euufn |i. Outer j he Bp r (evepen bn 



ftormj£ las# of wyvt acti on^ 


flQpmti ba6k of *are a ctio* 


Oct/w bsuii of jlQPtrj warn 


dCeve£ of P*tfp£n 
uUnxrtttiP 


Quantitative wire-iint £<r<p criteria 



FIG 4. Quarilikuive eniena for wire-line fades recognition and representslive lithological columns (for explanations 
see text). 1-shales, 1-sludv limestone. ?-marl. ‘J-nucrhie limestone, 5-hioehsiic limestone. 6-bounds tone, 7-dolornilc, K- 
grainslone. lime mudstone, 10 limestone breccia, 1 l-unhydriic. 


■DC 


PERI TETHYS MEMOIR 2: ALPINE BASINS AND FORELANDS 




























































































382 


T S IZOTOVA & I V POPADYUK: JURASSIC CARBONATES, WEST UKRAINE 


Revful carbonates (belt 5). which were 
deposited under warm, normal salinity, clear water 
conditions above normal wave base in response to 
a high bioproductivity, have an extremely low clay 
content; their gamma-ray response is generally low 
(not more than 2.5 gammast and shows little varia¬ 
tion. Although the initial texture of these reefal 
carbonates was partly oblileraied by re-crystalliza¬ 
tion, outlines of framework builders are generally 
still preserved; therefore, the depositional environ¬ 
ment of these carbonates can be determined 
(Reading, 1990; Wilson. 1980). Carbonates corre¬ 
sponding to the reef core are characterized by the 
most homogeneous texture and log expressions. 
Reefal limestones are generally characterized by a 
high resistivity (1000 Qhmm and greater), high 
secondary gamma-ray activity and low interval 
velocities (150 msee/m): natural radioactivity does 
no( exceed 2.5 gammas. All wireline curves are 
weakly differentiated. A typical log of a reef core, 
(hat was noi (affected by karst duration, is given in 
Fig. 5 for (he well Mostovska-2, This section is 
practically isotropic. These limestones have resis¬ 
tivities of 800 Qhmm, velocities of 150 msee/m 
and a natural radioactivity of less than 2.5 gammas. 
The homogeneity of these rocks is interrupted by a 
porous interval at the depth of 1960-1906 m. possi¬ 
bly corresponding to a grainstone intercalation. 

The reel-foreslope (bell 4) and the buck-reef 
shelf (belts 6 to 8) eonsisl of parasequences which 
are characterized by a variety of limestone facies 
and textures. Textural variations are reflected by 
strong variations of Tk. A typical example is pro¬ 
vided bv the w'ell Lopushnya-4. which is located in 
facies belt 8. This well penetrated deirital lime¬ 
stones, deposited in normal marine waters, which 
are characterized by textures ranging from coarse 
to fine grained. All logs, except the gamma-ray 
curve, are highly serrated, indicating the presence 
of several porous intervals in carbonates having a 
low shale content (Fig. 6). Indeed, the back-reef 
zone is where the best reservoir developments have 
been observed with individual reservoirs having 
porosilies in the 5 to 3094 range. These reservoirs 
host the main oil and gas discoveries. 

The cvaporilic platform (bell 9), consisting of 
interlayered anhydrites and intertidal dolomites 
and limestones, has its own characteristic log 
response (see Fig. 4). The presence anhydrite lay¬ 


ers and a high content of shaly limestone down¬ 
grades the reservoir potential of this facies belt. 


PALAEO-RECONSTRUCTION AND 
REGIONAL FACIES MODEL 


Based on the analysis and correlation of about 
300 wells, the evolution of the Late Jurassic car¬ 
bonate shelf of the West-Ukrainian foreland basin 
was reconstructed and its hydrocarbon potential 
Timber assessed. 

In Oxfordian times, the Tethys Sea trans¬ 
gressed over the area now' occupied by the 
Carpathian loredeep and advanced across the 
Volyn-Podoliun margin of the Precambrian East- 
Europeun Craton. During the initial development 
phase of the West-Ukrainian carbonate shelf. Early 
Oxfordian shallow marine strata overstepped in the 
northwestern part of the Ukraine an Early and Mid¬ 
dle Jurassic deltaic sequence and gradually trans¬ 
gressed over the margin of the East-European 
Craton. North of the present day Krakovets fault, a 
hydro id-coral reef developed, attaining a thickness 
of 100 m; in back-reef areas, detrital and oolitic 
limestones, grading shore-wards into the sandy 
carbonates of the Sokal formation, were deposited. 
During the Late Oxfordian, reef growth was inter¬ 
rupted, probably in response to a rapid rise in rela- 
tive sea-level, inducing (he accumulation of 
widespread, 10 to 30 m thick shaly limestones 
which contain multicoloured horizons and cover 
the earlier reef complex. 

During the Kimmeridgian, development of 
the Gparian barrier reef commenced, slightly 
basin-ward from the Oxfordian Rudky reefs. The 
pre-reef parasequences, corresponding to J.L. Wil¬ 
son’s facies belts 3 and 4 (Fig. 4), were only 
encountered in three wells drilled in (he northwest¬ 
ern parts of lhe basin where they eonsisl of bedded 
lime-mudsiones and litho- and bioclastic calcaren- 
iics. The reef core is developed along the 
Krakovets fault up to where ii is crossed by the 
outer Carpathian nappes. South of this point, the 
Oparian reef has not been reached by wells; how¬ 
ever, its southward continuation beneath the 
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FIG. 6. Wire-line response of kick-reel facies (bell 8} in well Lopushnya-4. I- 
hioclustic limestone,, 2-wacke-, pack and grainstones. 3-calcareous shales, 4- 
microvuggy and fracture porosity intervals, 5-intergranular porosity intervals, 
6-porous intervals. 
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Carpathian thrust sheets, at depths of 6 to 8 km, is 
indicated by reflection-seismic data i Figs. I and 7). 

Reef growth was accompanied by the devel¬ 
opment of a relatively narrow, open marine back- 
reef shelf (facies belt 6) and a deeper water 
back-reef trough (facies belt 7) which was offset to 
the east and northeast by an open marine shelf 
(facies belt 8) grading laterally into a wide lagoon- 
al shelf (facies belt 9). Sedimentation in this 
lagoon was characterized by a rhythmical alterna¬ 
tion of limestones, dolomites and anhydrites, 
reflecting cyclical changes in water salinity during 
the deposition of the Rava-Russka formation. 
Limestones of this parasequence are composed of 
mud- and sand-sized particles and algal laminites. 
These were partly dolomitized or anhydrilized. 
Fractured limestones, in part containing micro¬ 
vugs, are also encountered. These limestones, 
which have thicknesses of 10 to 25 m, are interbed- 
ded with dolomites and anhydrites. The limestone 
content of the Rava-Russka formation increases 
upwards towards its transition to the Nizhnev for¬ 
mation The gradual decrease in anhydrite interca¬ 
lations, and their total absence in the Nizhnev 
formation, indicates a progressive de-restriction of 
the back-reef lagoon. The limestones of the Nizh¬ 
nev formation range in texture from mudstones to 
grainstones. Skeletal remains include bryozoans, 
coral, sponges and algae. Oolitic and nodular lime¬ 
stones can include a considerable amount ol 
fnrammifera. 

During the Late Tithoriian, environmental 
conditions became more uniform, probably due to 
o slight deepening of the basin and decreasing reef 
growth (decreased bioproductivity). Throughout 
the Ukrainian part of the Late Jurassic shelf, thick, 
regionally correlative bloc I as tic carbonates were 
deposited. These prograded towards the deeper 
waters back-reef trough. On Figs. 3 and 4 the white 
area shown behind the Oparian reef reflects the 
remnant water depth prior to deposition of the 
Early Cretaceous sediments. In the central parts ot 
the Late Jurassic back-reef remnant trough, Tithon¬ 
ian carbonates are conformably overlain by Early 
Cretaceous limestones, containing some thin shale 
intercalations; to the East, these limestones give 
way to shales with clastic intercalations. 


HYDROCARBON HABITAT 


Source Rocks 


Geochemical analyses of source-rocks arc a 
traditional Achilles heel of Ukrainian geologists, 
particularly of the older generation. Therefore, spe¬ 
cial publications addressing the geochemistry of 
hydrocarbons contained in Late Jurassic reservoirs 
are lacking. However, based on regional geological 
considerations, we assume that possible source - 
rocks, which may have charged Late Jurassic reser¬ 
voirs with liquid hydrocarbons, may be associated 
with the deltaic Middle Jurassic sequence of the 
northwestern parts of the foredeep whereas in its 
southeastern parts the Oligocene Menilites shales 
may be the primary source-rock. The gas contained 
in the Rudky and Letnva fields is probably of bio¬ 
genic origin generated in Miocene strata. In view 
of the lack of reliable and up-to-date data we must 
desist from fur [her discussions and speculations on 
this subject. 


Reservoir Deveiopmerd 


In view of strong lateral facies variations in 
the Late Jurassic carbonates, development of com¬ 
mercially viable reservoirs is very variable and dif¬ 
fers in origin in the different facies belts. 

Within the reef core, depositional interskeletal 
vugs and cavities are not preserved due rheir infill¬ 
ing with lime muds and subsequent re-crystalliza¬ 
tion. However. karstificaLion of the reef core 
during the Paleogene erosionul phase and as a 
result of sub-surface water circulation, caused the 
development of good reservoir porosities and per¬ 
meabilities. Moreover, there is evidence for intra- 
Jurassic early leaching porosity developments. 

In back-reef areas (facies belts 7 and 8) the 
best reservoirs are associated with friable lime¬ 
stones which are characterized by various textures, 
ranging from mudstones to grainstones. Of special 
interest are algal laminites Which are very porous 
and intensely fractured tMarkovskv et al., 1991 h 
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Secondary reservoirs are provided by Early 
Cretaceous. Cenomanian and Miocene sandstones. 


Seals 


Early Cretaceous shales provide a sub-region¬ 
al seal for Late Jurassic carbonate reservoirs. The 
sealing capacity of the anhydrites occurring within 
the Ravu-Russka formation has not been estab¬ 
lished Miocene shales and evaporites provide 
seals for Jurassic carbonates subcropping the Pale¬ 
ogene unconformity. In the southeastern part of the 
Carpathian foreland basin, shales of the flysch 
nappes, which are ihrustcd over Paleogene erosion* 
a3 surface, can provide effective seals for the 
autochthonous Mesozoic reservoirs (Fig. 7). 


Traps 


Established hydrocarbon accumulations are 
contained in two trap types, namely erusional highs 
and low amplitude roll-over structures (Fig, 7), 
Both trap types are associated with the Paleogene 
erosional phase and ihe subsequent development of 
the Carpathian foredeep basin during which the 
structural configuration of the West-Ukrainian Late 
Jurassic carbonate shelf was profoundly modified. 

During the Paleogene the entire area was 
raised above the erosional base level, resulting in 
the development of a southerly trending drainage 
system, as evident by the incision of palaeo-river 
valleys. Some of these cut through the Cretaceous 
and Late Jurassic strata and even into the underlay¬ 
ing early-Middle Jurassic and/or Palaeozoic sedi¬ 
ments (see Sovchik and VuL this volume). In the 
northwestern parts of the area, where Cretaceous 
sediments were completely removed during this 
erosional phase. Late Jurassic carbonates, both of 
the reefal and baek-reefal type, uphold elongate 
palaeo-topographic highs. These were on lapped by 
transgressive Miocene shales and sandstones. The 
Badenian Baranivsku shales and the Tyrassian gyp¬ 
sum and anhydrites provide effective seals for the 
Jurassic carbonates. Accumulations of this “sub- 


Baden i an" type, which produce from Jurassic car¬ 
bonates and Miocene sands, are the Rudky gas 
field, the Letnya gas/condensate field and the 
Kokhanovka oil field (Fig, 7) 

Although development of the Neogene 
Carpathian foreland basins was accompanied by 
fault-controlled down-flexing of the foreland, this 
type of normal faulting was not as diffuse as for 
instance in the Austrian purl of the Moiasse basin, 
where it led to the development of a large number 
of mainly antithetic fault traps (fault throws of the 
order of 100-200 in; Kallmann and Malzer, 1980), 
but was concentrated on a few major faults. 
Amongst these, the Krakovets fault with a synthet¬ 
ic normal throw of 3000 m is the most important 
one (Fig. 2). So far no traps associated with Neo¬ 
gene normal faults have been established in the 
Ukrainian pan of the Carpathian foreland basin. 
However, several low amplitude anticlinal roll¬ 
over structures are associated with the footwall 
block of the Krakovets fault; such a structures form 
the traps of the Lopushnya oil field (Figs. 2 and 8). 

Beside the established trap types, there is 
some scope for additional traps. For instance, with¬ 
in the back-reef area between the Krakovets and 
Kalush faults, seismically mappable buried hill 
features occur which arc upheld by the relief of the 
base Late Jurassic unconformity. These palaeo- 
topographic anomalies, which have amplitudes of 
about 200 nu influenced sedimentation during the 
deposition of the Late Jurassic carbonates and, due 
to compaction drape, are also evidenl at Early and 
Late Cretaceous structural levels. To She southwest 
of the Krakovets fault some potential traps may be 
associated with the depositional configuration of 
the Oparian reef trend. In Ibis area the reef enve¬ 
lope has a relief of 4(H) to 600 m towards the back- 
reef area and some 800 m towards the fore-reef 
area where sedimentation rates were considerably 
smaller than the bioproductivity in the reef core. 
Lateral variations in reef height and/or Paleogene 
valley incisions may provide for a wide range of 
possible traps, located at depths of 7-8 km beneath 
the Carpathian nappes. Some of these prospects are 
seismically mappable. 


Source. MNHN, Pans 
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FIG 7. I ate Jurassic lacics disirihutum and summary of established anti potential Mesozoic Irap types in the 
Carpathian foredeep 1-boundary of Late Jurassic carbonate plaOhrrn. 2-Carflaihian nappe front, 3-fore-reef zone, 4- 
harrier reef eumplcv. 3-hack-reef zone. 6-area of eroded Late Jurassic sediments (GOR Gprudok valley, KOL: 

Kokmnya valley). 7-od Uclds 1.1 Kokbaiiovka. 2: Lupushnyi-i). B-Rudkv gas field, 9-Lelnya gas/cundensatc field, 10- 
nappes. I I-autochthonous Ncogene, 12-Badcman seals, 13-lop-Mesozoic crosiona] surface, 14-establishcd fields. 15- 
pmemial traps. 
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FICi fi, Lopushnyu oil Held, cross-sec lion and lop-Jurassic sirueuire map. l-Samhor nappe soEtMhmsis, 2-lop-Meso¬ 
zoic erosions] surface. 3-pay zones, d-Krakovets-Prcearpaihtun regional faulU 3-cross-section line, 6-welts fLP: 
Lopgshnya-, 1-Ber. BeregQffieM, 1-Bis; Biskiv-11. 
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OIL AND GAS FIELDS AND REMAINING 
HYDROCARBON POTENTIAL 


Between 1940 and 1950 the Rudfcy gas field 
and the Kokhanovka oil Held were discovered in 
the northwestern part of the Ukrainian Carpathian 
forecleep basin. Somewhat later the Letnya 
gas/condensate field was found in the same area, 
AIJ three fields are of the sub-Badenian type and 
produce from Jurassic carbonates and onlapping 
Miocene sands. The Late Jurassic reservoirs of the 
Kokhanovka and Letnya fields consist of karstified 
rectal limestones of the Oparian formation which 
were eroded and leached during the Paleogene ero- 
sional phase to form erosional highs. Porosities 
reach 20%, permeability is fracture enhanced and 
pay thicknesses range up to 20 m. The Rudky field 
produced from karstified back-reel'carbonates. 

In 1984 the Lopushnya oil field was discov¬ 
ered in a sub-thrust position in the southeastern 
part of the Carpathian loredeep (Fig. 8). It estab¬ 
lished production from Jurassic carbonates and 
Cretaceous sands, forming part of the autochtho¬ 
nous Mesozoic sequence, which are involved in an 
anticlinal Structures having an amplitude of some 
200 m. This structure is dearly evident on reflec¬ 
tion-seismic data. Production comes from Early 
Cretaceous and Cenomanian sandstones and Late 
Jurassic carbonates, sealed by Cretaceous shales. 

Initial production from the Jurassic reservoir 
ol well Lopushnya-4 amounted to 1130 bbls/day. 
This reservoir is formed by partly dolomitized 
lime-mudstones and grainstones as well as by algal 
limestones, characterized by abundant micro-vugs 
and fractures, of the Nizhnev formation which is 
here developed in facies type 8. Fig 6 provides 
logs for the productive carbonate interval of well 
Lopushnya-4. Porosities of productive intervals arc 
in the 8-20% range; the best reservoirs are formed 
by friable limestones which make up about 80% of 
the pay section. 

In the entire southeastern part ol the Ukrainian 
Late Jurassic carbonate shelf the Nizhnev forma¬ 
tion is the prime objective horizon. Net reservoir 
thicknesses range between 10 and 60 m and are 
mainly lied to friable and micra-vuggy algal lime¬ 
stones, which have a regional distribution and are 


only lacking in Paleogene palaeo-valleys where the 
Nizhnev formation was partially or totally eroded. 

In the vicinity of the Lopushnya field, seismic 
surveys permit to map a number of similar struc¬ 
tural prospects beneath the Carpathian nappes.at 
depth of 5 to 7 km. To the south of these highs, 
reelai build-ups are expected which are encased in 
Early Cretaceous shales; ihe latter are only partial¬ 
ly truncated by the Paleogene unconformity and 
are settled by the Carpathian Sarnbor and Borislav- 
Pokuiian flyseh nappes. In the northern parts of the 
external Carpathians, where the Oparian reefs were 
stronger exhumed by Paleogene erosion, additional 
prospective structures have been mapped at the 
Jurassic objective level in a sub-thrust positions. 
However, despite ol visible progress in the devel¬ 
opment ul the sub-thrust play, it is still poorly eval¬ 
uated. mainly due lo insufficient reflection-seismic 
control. It is questioned whether a possible charge 
risk is a serious down-grading factor for this area. 
Yet, the integrity of sealing horizons may present a 
potential risk factor, as indicted by the failure of 
the recently dr,[led Tatalivke and Petrovets wells. 

To the North of the Carpathian nappe front 
some prospects ol the sub-Badenian type are rec¬ 
ognized. Two ol ihese were tested by ihe recently 
drilled exploration wells Vyzhomia-1 and Tyniv-2, 
located lo ihe northwest of the Letnya gas7conden 
sate field; both wells tested oil from karstified 
Jurassic carbonates. 

It is concluded that the Ukrainian Carpathian 
loredeep still holds promising prospects, particu¬ 
larly in the sub-thrust autochthonous Mesozoic 
series. These warrant further evaluation by reflec¬ 
tion-seismic detailing and drilling. T lie model pre¬ 
sented for the Late Jurassic carbonate shelf and its 
reservoir potential requires further refinement as 
new core data becomes available. 
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